ABSTRACT
INTRODUCTION

45
The stability of soil slopes can be effectively enhanced by reducing the pore water pressures within 46 the soil mass, since its shear strength depends on the effective stresses (Terzaghi, 1950) . For this 47 purpose, different solutions can be adopted, such as draining galleries, sub-horizontal drainholes and For excavations deeper than 5-6 m, draining trenches are usually built by means of the same 54 equipment available for the realisation of secant piles and diaphragm walls.
As it is well known, the construction phases of a deep drain trench (consisting of contiguous vertical mentioned requirements, must be realised with coarse aggregates (particle size typically from 2 to 88 60mm), sand (0.06 < d < 2 mm), cement and water. The addition of sand, or fine gravel (particle size 89 from 2.5-5mm), is necessary when the pervious concrete has to work both as draining material and 90 as protective filter. Results of this study also confirm the high variability of the hydraulic and 91 mechanical properties with respect to conventional concrete. Some aspects, however, need to be 92 thoroughly investigated, especially with regard to the partial saturation, which represents a condition 93 that may occur in situ, at least temporarily and in some portions of the trenches. Besides, experimental 94 research is needed to deepen the knowledge on the clogging resistance of the pervious concrete, 95 especially for applications of draining trenches for clayey soils, and therefore on durability and 96 environmental sustainability of this type of remedial works. Moreover, further research is necessary 97 for a deeper study of the three dimensional variability of the hydraulic and mechanical characteristics 98 when the concrete is cast in place and involves volumes much greater than those of laboratory 99 specimens. This last point, along with the in situ installation technologies, will not be discussed here 100 since they are out of the scope of this research. In this paper, results of an experimental study on the 101 hydraulic (in both saturated and unsaturated conditions) properties of the pervious concrete and of a 102 numerical study on the influence of these properties on the seepage regime within unsaturated soil 103 mass, in which a trench drain is installed, are shown and discussed.
104
The hydraulic characterization for unsaturated conditions has been carried out on specimens of two 
MATERIALS
114
The studied pervious concrete is quite different from the common no-fines concretes, since the 115 percentage of sand is predominant or very significant among the aggregates (Fig.2) . weight, sand 1 (d50=0.95mm) 70% in weight; that of mixture M2 is the following: gravel 2 123 (d50=2.5mm) 50% in weight, sand 2 (d50=0.45mm) 50% in weight. Further physical characteristics 124 of the mixtures are summarized in Table 1 .
125
As can be observed from Fig. 2 , the grain size distribution of both mixtures M1 and M2 is gap graded.
126
These particular granulometric distributions of the aggregates give rise to size and distribution of 127 interconnected pores of the pervious concrete providing excellent permeability and resistance to 
138
The physical characteristics of the investigated specimens (Fig. 3) differences even higher than 50% are recorded, depending on the overall porosity and size of voids.
157
The compressive strength and stiffness of the mixtures ensure that the geotechnical system made by 158 the panels (filled of pervious concrete) and by the surrounding soils will have adequate safety factors.
159
The uniaxial compressive strength values fall in the typical ranges of f of no-fines concretes with 
164
Considerations on the depth of the panels of the draining trenches that can be reached by using the 165 pervious concrete as filling material can be done. It is well known that the height of a slope depends 166 on the geometry of the problem, the mechanical properties of soils or rocks forming the slope, the 167 presence of layering and discontinuity and, eventually, constitutive minor geological and 168 geotechnical details (Terzaghi, 1929; Rowe, 1972; Leonards, 1982) , the influence of the latter being 
METHODOLOGY
182
The hydraulic conductivity of pervious (no-fines) concrete has been studied by several authors with applicable for the pervious concrete used in the experiments being the mean particles (and 191 consequently the size of pores) smaller than the ones by which the no-fines concrete is made.
192
The analysis of the pervious concrete retention properties has been carried out, for specimens of These tests have been carried out following the procedure suggested by Ridley (1993), which makes 210 use of appropriately sealed perspex devices to place filter paper disks in contact with both the top and 211 bottom of the specimen. A cling film has been used to isolate the specimens from the external 212 environment, for a period of time greater than or equal to eight days.
213
During the tests, the estimated volume of water has been dispensed to the specimen via a syringe and 214 the filter moisture, after equalization, has been measured at both top and bottom of the specimen and When the suction became negligible, it was possible to start the drying. The specimens have been left 217 to dry for a period of time greater than or equal to two weeks. In this case, it was possible to calculate 218 the average value of suction for each step of drying. The specimen MP54 has been subjected to a "3rd 219 wetting" after previous cycles. In the following, the pervious concrete hydraulic behaviour will be shown and discussed in terms of 
250
The mean values of saturated hydraulic conductivity ks obtained for the two mixtures M1 and M2 are 251 summarized in Table 2 . For values of the hydraulic gradient ranging between 3 and 6, the permeability 
282
In the van Genuchten model, the saturated volumetric water content θs is the parameter value obtained 283 when the saturation degree is equal to one and the suction value is equal to zero. of saturation quite low (Fig.9 ). This experimental evidence should guide the modelling of the WRC. for each data set concerning the two mixtures, but the value comes from an optimization 305 procedure using a unique data set arising from the joining of the two different sets. 
317
The fitting parameters resulting from the above-mentioned approaches are shown in Table 3 .
318
Although the α values are consistent with the air entry range pertaining this type of granular material
319
(Fredlund and Rahardjo, 1993), the differences in the α parameter are not negligible (Table 3) . It must 320 be underlined, therefore, that practitioners should not base the design on a unique interpolation 321 approach.
322
In the following, the "approach c" has been used in order to study the impact of the concrete retention
323
properties and related conductivity functions on a boundary value problem. 
330
The geological features of this soil are described in Cotecchia and Lonoce (1963) and Monterisi
331
(1996). The specific gravity is 2.76, the clay fraction is 8-9% and the in-situ void ratio is about 0.6. pressures.
338
The soil hydraulic parameters have been obtained through interpolation by using the RETC code and 339 they are shown in Table 4 , whereas in Fig. 11 a vertical When predicting the safety evolution with time, it seems that implementing the hydraulic functions 368 of the drain in the analysis could imply a non-conservative design, since suction slowly disappears.
369
Therefore, in terms of recommendation for practitioners, this realistic approach should be used only 370 for serviceability assessment. In this respect, more accurate numerical analyses should be addressed 371 to study the group effect of the trenches (Cotecchia et al., 2016) , the 3D and the slope effects.
372
As said before, a comparison between numerical predictions obtained by assuming the two different 
385
On the basis of the obtained results, the following conclusions can be drawn.
386
The strength of the pervious concrete, even after only a few days of curing time, is enough to safely 387 build deep trench drains, hence avoiding delays in the excavation of intermediate panels and with 388 advantages in terms of overall costs and efficient construction site planning.
389
The saturated hydraulic conductivity of both mixtures of pervious concrete tested is high enough and 390 adequate for deep trench drains installed in sandy and fine-grained soils.
391
The incidence of different ways of fitting the experimental data by using the van Genuchten equation 
